Using albedos from WISE/NEOWISE to separate distinct albedo groups within the Main Belt asteroids, we apply the Hierarchical Clustering Method to these subpopulations and identify dynamically associated clusters of asteroids. While this survey is limited to the ∼ 35% of known Main Belt asteroids that were detected by NEOWISE, we present the families linked from these objects as higher confidence associations than can be obtained from dynamical linking alone. We find that over one-third of the observed population of the Main Belt is represented in the high-confidence cores of dynamical families. The albedo distribution of family members differs significantly from the albedo distribution of background objects in the same region of the Main Belt, however interpretation of this effect is complicated by the incomplete identification of lowerconfidence family members. In total we link 38298 asteroids into 76 distinct families. This work represents a critical step necessary to debias the albedo and size distributions of asteroids in the Main Belt and understand the formation and history of small bodies in our Solar system.
Introduction
In the first publication in this series (Masiero et al. 2011, hereafter: Mas11) we presented the preliminary results for Main Belt asteroids (MBAs) from the Wide-field Infrared Survey Explorer (WISE) thermal infrared all-sky survey (Wright et al. 2010 ) and the NEOWISE Solar system enhancement to the core WISE mission . Mas11 also presented the observed albedo and diameter distributions for asteroid families drawn from the overlap between the set of objects detected by NEOWISE and the families identified by Nesvorný (2012) using the Hierarchical Clustering Method (HCM, Zappalà et al. 1990 Zappalà et al. , 1994 Zappalà et al. , 1995 Benjoya & Zappalà 2002) . In this paper we perform new analysis of the Main Belt using HCM, taking into account dynamical associations as well as asteroid albedo and diameter. This method allows us to incorporate two unique characteristics of asteroid families that both result from an origin in a catastrophic disruption of a single parent: compositional consistency and minimal orbital velocity differences.
Asteroid families were first identified as groups of objects that clustered tightly in orbital element-space by Hirayama (1918) nearly a century ago. Subsequent work has confirmed that families originate from the catastrophic breakup of a single parent asteroid after an impact (see Cellino et al. 2009 , for a recent review of the current state of the field). This single mineralogical origin causes families to cluster tightly not only when comparing orbital elements but also when investigating colors (Ivezić et al. 2002; Parker et al. 2008) , reflectance spectra (e.g. Binzel & Xu 1993; Cellino et al. 2001) and albedo (Mas11). We note that while the asteroid (4) Vesta shows an albedo range of 0.10 − 0.67 across its surface (Reddy et al. 2012) , and thus any other differentiated asteroid may have similar large variation, the Vesta asteroid family has a albedo distribution comparable in width to other asteroid families (Mas11).
Building further on the origin of families as a result of collisionally-driven breakups, the sizefrequency distribution (SFD) of asteroid family members acts as a tracer of the physical properties of the original parent body and can even be used to constrain the impact velocity and angle Durda et al. 2007 ). However, a major deficiency in the field to date has been the lack of measured diameters for the family members, forcing these values to be estimated based on the apparent visible magnitude of the object. Furthermore, the strong selection effects imposed by visible light surveys against the discovery of low albedo objects (particularly the smallest low albedo objects) results in a skew in the size distributions of linked families. Albedo measurements of the largest bodies in a family are often available from the Infrared Astronomical Satellite (IRAS) data set (Tedesco et al. 2002) and can be used to assume an albedo for all family members, but this can add a significant and systematic error to the diameters, especially in the cases where it is unclear if the largest body in a family is indeed associated with the other members (e.g. Cellino et al. 2001; Masiero et al. 2012b) . From the NEOWISE survey we now have measurements of diameters for over 130, 000 Main Belt asteroids with relative errors of ∼ 10% (see Mas11 and Mainzer et al. 2011b) . Using this new data set along with the associated proper orbital elements for these objects, we identify the high-confidence associations of asteroid families detected by NEOWISE.
Data
Proper orbital elements, which are key to the determination of asteroid family membership, are the time averaged values of the semimajor axis, eccentricity, and inclination after removing the short-period perturbations by Jupiter and Saturn and averaging over long-period variations (Milani & Knezević 1998) . Proper elements are preferred to osculating elements for family identification as they are stable over long time periods, and thus asteroid families cluster more tightly in proper orbital element-space (Carpino et al. 1986 ). We use the proper orbital elements computed following Milani & Knezević (1994 , 1998 that are provided on the AstDys website 1 to identify asteroid families in this work.
There are two primary methods for determining proper elements: analytic and synthetic. Using the analytic method, a Fourier expansion of the Hamiltonian is solved for directly. Conversely the synthetic method integrates the present day osculating orbits using numerical simulations and determines the proper elements from that evolution over time. While the analytic method produces more accurate results, it has a fundamental limit of ∼ 18 • inclination above which the solutions degrade due to the truncation of the Hamiltonian that is typically employed (Milani & Knezević 1994) . As NEOWISE observed the entire sky, it detected and discovered over 15000 objects at inclinations > 18 • , over ten percent of our total sample. In order to consider all asteroids detected by NEOWISE we use the synthetic proper elements for this work. This allows us to have the maximum sample size however synthetic proper elements have their own inherent limitations: oscillations with periods much longer than the integration time (typically ∼ 10 million years) will not be removed properly and the forest of weak secular resonances in the Main Belt can result in chaotic cases that show up as banding in the structure of the semimajor axis distribution (Knezević & Milani 2000) .
Following the methods of (Knezević & Milani 2000) we have integrated the orbits of all Main Belt asteroids that were detected by NEOWISE and have measured diameters and albedos, but not represented in the AstDys catalog. This will include objects with very short arcs, in particular those discovered by NEOWISE that have had minimal ground-based followup and thus do not have measured orbits with sufficient quality to accurately integrate their positions over millions of years. We include these for completeness, but with the appropriate caveats for our results.
We draw our physical properties for Main Belt asteroids primarily from the measurements made by the WISE spacecraft as part of the NEOWISE project. We include in our analysis MBAs that were detected and discovered throughout the entire mission, both the cryogenic and post-cryogenic surveys . WISE surveyed the sky simultaneously in four thermal infrared bands (3.4 µm, 4.6 µm, 12 µm, and 22 µm) from a polar low-Earth orbit, progressing one degree per day. WISE imaged the entire static sky over the course of 6 months starting 14 January 2010, and began a second pass survey until the exhaustion of the outer cryogen tank on 6 August 2010. At this point, the longest wavelength channel was lost and WISE carried out a 3-Band Cryo survey until 29 September 2010 when the inner cryogen tank was exhausted. The NEOWISE Post-Cryo Survey to complete coverage of the largest MBAs and discover new nearEarth objects began 30 September 2010 and ended on 1 February 2011, using only the two shortest wavelength bands. All phases of the mission employed the WISE Moving Object Processing System (WMOPS) to detect moving objects in the Level 1 WISE images. WMOPS required a minimum of 5 detections to link a track (although a typical track had 10 − 12 detections), which was then submitted to the Minor Planet Center (MPC) for further verification. In total, WMOPS detected > 158, 000 solar system objects, the majority of which were MBAs. Diameters and albedos for MBAs seen during the Fully Cryogenic survey were given in Mas11, while physical properties for objects detected in the 3-Band Cryo and Post-Cryo Surveys were presented in Masiero et al. (2012a) . We also include diameters and albedo measured for 150 objects by the IRAS mission (Tedesco et al. 2002) . In most cases these objects were so large that they saturated in the WISE images, though a small number were missed due to the exhaustion of cryogen, observing geometry effects, background contamination, or other filtering in the WISE or NEOWISE data processing pipelines. When these data are combined with the synthetic proper orbital elements our total sample size is 112, 286 MBAs, which we use for the study presented here. We note that this is smaller than the total number of objects detected by NEOWISE due to the fact that ∼ 24, 000 objects do not have stable proper orbital element solutions. Nearly three quarters of the unstable objects have observational arcs shorter than one month implying that their orbits are not well known and thus their proper elements cannot be reliably computed. The remaining ∼ 6000 unstable objects have orbital elements that are indistinguishable from other MBAs, and orbital arcs typically of one year or more. We note that only nine of these objects have received number designations, and thus the provisional orbits may still be uncertain, which could result in non-converging proper elements. Strangely, we also find that low albedo objects dominate these long-arc unstable MBAs (∼ 90% have albedos of p V < 0.11), which is much larger than the fraction of low albedo objects in any of the regions of the Main Belt (Mas11). Albedo is not considered when calculating asteroid proper elements and thus should not affect these results, however low albedo objects are more likely to be fainter than a high albedo object during a given observation epoch. Thus we may be seeing low signal-to-noise uncertainties in a number of individual observations propagating into the final orbits. Conversely, these objects may indeed be unstable and thus transitional in their current orbits, potentially representing low albedo objects from more distant regions of the Solar system that have been implanted in the Main Belt. Distinguishing between these two possibilities, however, is beyond the scope of the current work and will be the subject of future investigation.
We show in Figure 1 the distribution of albedo as a function of diameter for all objects used in this work. Two populations are apparent, a low-albedo population at p V ∼ 0.06 and a high-albedo population at p V ∼ 0.25 (c.f. Mas11). The low-albedo population is shifted to larger diameters compared to the high-albedo population due to selection biases in optical catalogs. While the sensitivity of NEOWISE was effectively albedo-independent (Mainzer et al. 2011d; Grav et al. 2011a,b) , followup observations of NEOWISE discoveries by ground-based optical surveys suffer from a decreased sensitivity to smaller, lower albedo asteroids. This will result in the apparent shift in the low albedo population to larger diameters. Though we assume for purposes of this analysis that families have uniform albedos, this bias means that the derived membership lists for lower albedo families will be missing more small members than would a high albedo family in the same region of the Main Belt. The color of the points also indicates albedo, as given in the color bar. The white contours indicate the density of points in the saturated regions. Two albedo components are apparent, with the shift in the low albedo distribution to larger diameters a result of the selection bias against small, dark objects in optical observations. The horizontal picket fence effect at low albedos is an artifact of the precision of the quoted albedos. The subtle diagonal linear trends at small (D < 2 km) diameters are an artifact of the precision of the literature H absolute magnitudes. Albedos larger than ∼ 0.5 are likely artifacts of bad H or G values (c.f. Pravec et al. 2012) Recently, Pravec et al. (2012) have presented evidence of possible biases in the various catalogs of asteroid absolute magnitudes (H), and they highlight the effect that these biases have on the albedo values derived for a small sample NEOWISE-observed MBAs. While it is clear that in many cases the published absolute magnitudes do not reflect the true values when measured independently, these deviations show a non-linear relationship, with a maximal deviation at H ∼ 14 mag. Additionally, the scatter in magnitude difference at H > 6 mag is large, and almost always comparable to the mean of the differences. As such, we chose not to implement a blanket offset correction to the catalog H values, which would tend to offset the NEOWISE-derived albedos. We note that diameters derived from thermal infrared measurements are largely unaffected by offsets in H, and quoted albedo errors include estimated uncertainties on H and G of 0.3 and 0.1 respectively. Large surveys recently begun or soon to come online (e.g. Pan-STARRS, LSST) should greatly improve the H catalog values for most asteroids. Additionally, implementation of the H-G 1 -G 2 magnitude phase function Muinonen et al. (2010) may also improve the determined albedos for cases where there is sufficient photometric data. For this work, we use the albedos as published that are derived from the literature H magnitudes, but with appropriate error bars. Future work will revise the catalog of NEOWISE-measured diameters and albedos using the updated NEOWISE science data processing system and the most current values of H.
Hierarchical Clustering Method
Asteroid families were originally identified as pairs or groups of objects with orbital elements that clustered more tightly than would otherwise be expected from a random distribution of objects. Zappalà et al. (1990) present a method for association of asteroid families based on their proper orbital elements called the Hierarchical Clustering Method (HCM) which uses a distance function and a velocity cut to link objects together into clusters. Iterating over each body in the population, the distance between it and all other asteroids is calculated by converting the difference in orbital elements into a pseudo-velocity. All objects within a given velocity threshold are added into the family. Each family member is then similarly tested, accreting nearby objects into the family, until no further objects are added. The selected velocity cutoff will strongly dictate the size of the family and the reliability of the associations: a cutoff velocity that is too low will only identify the core regions of the densest families, while a cutoff velocity that is too large will include a large number of interlopers in the family lists or accept spurious groupings of objects that do not have a real collisional origin.
Following Zappalà et al. (1994) , we apply a distance metric of
where d is the distance in m/s between the objects, F is the conversion factor changing AU/yr to m/s, a, ecc, and inc are the proper semimajor axis, eccentricity, and inclination of the body, and the subscripts c and i indicate the center body and the body being tested, respectively. We perform HCM analysis on every object in our MBA sample, at velocity limits ranging from 5 m/s to 200 m/s in steps of 5 m/s. This allows us to build up a database of all associations for each object at a range of velocities.
Following Nesvorný (2012) we divide the Main Belt into three regions separated by strong Jupiter mean motion resonances: the inner Main Belt (IMB, 1.8 < a < 2.5 AU), the middle Main Belt (MMB, 2.5 < a < 2.82 AU), and the outer Main Belt (OMB, 2.82 < a < 3.6 AU). We set a limit on perihelion distance of q > 1.666 AU to ensure Mars-crossing asteroids are not included in our data set. We use physical properties as a discriminant in family identification by dividing each region of the Belt into two groups by albedo. While the majority of MBAs show a bimodal albedo distribution (Figure 1 ), a small number of asteroid families have a mean albedo that falls in between these two peaks (Mas11). In order to ensure that these families can be properly identified and that the wings of the albedo distribution of each family are not truncated, we have separated the regions by albedo allowing for an overlap region in between. As such, objects with moderate albedo will appear in both lists. Our high albedo group for each Main Belt region includes all objects with p V > 0.065 while the low albedo group includes objects with p V < 0.155, which represents a buffer of ±40% relative to the central minimum reflectance of the MBA albedo distribution at p V = 0.11 (Mas11). The total number of objects in each group searched as well as the bounding semimajor axes and albedo are shown in Table 1 . 
2.82 < a < 3.6 p V < 0.155 38691 107 ± 8 † Summed number of objects in all regions is greater than total population due to overlap between albedos; see text for details ‡ Quasi-Random Level used for determining significant family linkages
To enable rapid searching of each region investigated we employ a k-dimensional (KD)-tree query to perform an initial reduction in the possible associations for each object. KD-trees are computational methods of dividing up multidimensional data to increase the efficiency of searches for specific data points within that space. All objects identified by the KD-tree test are then compared to the velocity limit of that run to test for family membership. This process provides a dramatic reduction in run time of the search procedure.
After identifying the family associations at each velocity cut for each region of the Belt, we need to determine which velocity cut represents the optimal blend between completeness and accuracy. We follow Zappalà et al. (1994) and use a Quasi-Random Level (QRL) test to determine at which point background objects begin to become a significant contributor to family lists. The methodology behind a QRL test is to construct a synthetic population based on the orbital elements of the real MBAs and determine at which velocity limit the synthetic objects begin to be linked by HCM. This velocity can then be considered the level at which a quasi-random population of objects begin to contribute to family lists; any linkages below this limit are unlikely to be random associations. We note that as the overall population of known MBAs grows, the average distance between any two asteroids will decrease and thus the QRL will get smaller over time (although as more family members are observed the velocity cut at which they link will also shrink). We use a lower limit of ten objects as the minimum size group we consider both for family membership and QRL determination.
In order to construct a representative synthetic background population, one must know which objects are in the background as opposed to belonging to a family and thus a priori have a list of known family members. This becomes especially critical when a large, dense family dominates a small area of the phase space. If these families are not removed, the QRL will be made artificially smaller as real family members begin to link together in the quasi-random population.
Removing a too many objects will decrease the number density and thus increase the calculated QRL, while removing too few will have the opposite effect. Similarly, replacing removed objects with randomly generated ones will artificially increase the number of objects not associated with families when compared to the real population, causing them to link at a lower level than the observed background. The two parameters determining the number of objects removed are the linking velocity level chosen and the size of the smallest family removed. By varying these two parameters, we tested their effect on the final QRL determination for all regions of the Main Belt. We find that the size of the smallest family removed (from 50 − 200 members) has only a minimal effect on the determined QRL, as it is the few largest families that dominate the artificially reduced QRL levels. On the other hand, the velocity level chosen (from 75 − 150 m/s) does have a strong effect on the final determined QRL, which track each other closely. We use the lists of members of the largest families identified by Nesvorný (2012) to find a velocity cut in our determination that most closely reproduces those families, and use that velocity level as the limit for large family removal.
In this implementation we use limits of 100 members and a velocity cut of 125 m/s to remove the largest families. Any asteroid in one of these families was removed from the sample used to generate the quasi-random population. We then divided each region into subregions by semimajor axis so that each eccentricity-inclination slice contained 10% of the total number of objects in the entire region. The quasi-random population was built by randomly drawing a, ecc, and inc values from the members of the slice. This ensured that the distribution of these three orbital parameters remained identical for the original and quasi-random populations, minus the removed large families. The slices were then reassembled and HCM was run on this population for all velocity cuts from 5 − 200 m/s is steps of 5 m/s. This process was performed ten times for each region of the Main Belt, and the velocity levels of the first five pseudo-families of each trial were averaged to determine the QRL for the region. This provides both a mean QRL level for each region as well as an estimate of the uncertainty on that value, both of which are shown in Table 1. A common way of representing asteroid families is a 'stalactite' plot, which shows the membership of each family as a function of cutoff velocity as well as which families merge or fragment at various cutoff levels. We show stalactite plots for each of the six regions considered here in Figures 2-7. We also show the 1σ range of the QRL as the grey box overlaid on the stalactites. At each velocity step, the families are labeled with the numerical designation of the member with the largest measured diameter. Designations will change with decreasing velocity as objects connected more loosely fall out of the family list. We have left the smallest families on each plot unlabeled to preserve the clarity of the figures. 
Results and Discussion

Identified Families
We use our stalactite plots as a first cut to guide our selection of the optimal cutoff velocity at which to extract each family list. For each region we have extracted families at three different velocity cuts: one at or near the lower edge of the identified QRL zone and two others at 10 m/s and 20 m/s below that level to separate overlapping families (e.g. Vesta and Flora) and winnow out background objects that may be connecting below the QRL level. This is similar to the method employed by Milani et al. (2010) to identify the Hungaria family. The extraction levels for each region are indicated in Figures 2-7 by the dashed red lines. We note that due to the assumptions inherent in our QRL determination, some of the associations presented here may be incomplete or even spurious. A more detailed analysis of each family individually can refine these associations, and will be the subject of future work.
By plotting the diameter of each family member against their proper semimajor axis, and colorcoding the points to represent albedo, we construct "petal" plots which can be used to diagnose the reliability of the family association. An ideal family will have a large parent body at the bottomcenter of the plot with the family spreading to smaller diameters and larger distance in semimajor axis from the parent, as would be expected from a family evolved by Yarkovsky drift (Bottke et al. 2006) . For families in dense regions of the Main Belt, large families will link together even at levels below the QRL. By choosing a lower velocity cutoff we can disentangle these overlapping families. Figure 8 shows an example of this, where the Massalia family blends with the Flora and Vesta family as the velocity cutoff is increased. We can also use this technique to filter out large background objects that may be linked to a family and thus mis-identified as the parent body. Figure 9 shows an example of this scenario, where (500) Selinur is linked to the family at larger velocities, but at the lowest cutoff is rejected from the family. The albedo of (500) Selinur and its placement on the plots indicate it is unlikely to be the parent of the family, and that (3811) Karma is a much more likely parent body. This results in a family with a very classic petal shape. Figure 1 , while N lists the number of objects linked at that cutoff. Each subplot is titled with the largest object included in the family, the presumed parent. Here, the family of (20) Massalia (marked as a square) blends with the families of (8) Flora and (4) Vesta (both marked as triangles) at velocity cutoffs larger than 80 m/s. Figure 1 , while N lists the number of objects linked at that cutoff. Each subplot is titled with the largest object included in the family, the presumed parent. Here, (500) Selinur (marked as a triangle) links with the family at larger velocities, but is rejected at 70 m/s, making (3811) Karma (marked as a square) the most likely parent.
Using the physical and orbital parameters of the objects that were linked together at each velocity cutoff, we identify the highest reliability families in the Main Belt that can be detected with this technique. To ensure a high level of reliability and measure statistically significant family properties we have only included families with > 40 members. We find 76 families throughout the Main Belt that pass these cutoffs representing 38, 298 MBAs (approximately 35% of all objects considered), and another ∼ 60 candidate groupings below of 40 member limit that are too small to be definite detections. We give a list of the identified families, with the number (in MPC-packed format) and name of the largest member, the HCM velocity the family was extracted at (v link ), the median proper semimajor axis, eccentricity, and inclination for the family (a med , ecc med , inc med , respectively), and the number of linked family members (N) in Table 2 . We also include average physical properties for each family in Table 2 (see Section 4.2 for description of these parameters). Names with a '*' suffix indicate cases of ambiguous parent bodies (see below). In Table 3 we present the full list of asteroids associated with families, their orbital and physical parameters, and identify the family to which they have been linked. Most of the families we identify here are analogous to those given by Nesvorný (2012) , though we identify 28 new families above our significance threshold that were not previously known. In addition, 24 families from Nesvorný (2012) are lost in our analysis: fifteen fell below our cutoff size while nine no longer link at the QRL level when the albedo components are considered separately. We have cross-referenced the lists of family members for overlapping families in the high-confusion IMB region and removed duplicate objects in the larger family if they appear in the membership list of a smaller family to ensure that the small family does not drop below our cutoff. This resulted in objects being rejected from the Flora family list that were linked to Baptistina, and objects being rejected from the Hertha family list that appeared in the Polana list.
Figures 10 and 11 compare the orbital elements and albedos of objects identified as part of an asteroid family in this work to those parameters of the objects that were not linked to any family and thus assumed to be part of the background. In Figure 12 we separate each semimajor axis and albedo region and plot the eccentricities and inclinations of the identified families, while Figure 13 shows all background objects in the same fashion. We see in these plots evidence of halos in the background distributions around the locations of known large families, indicating an incomplete identification (and thus removal) of these families. For example, the background objects from the OMB high region show a halo near 0 < ecc < 0.1 and 8 • < inc < 13 • corresponding to unlinked Eos family members. These halos likely represent family members that could not be linked to the core of the family at the QRL for that region, possibly because they have diffused into the background population due to high initial ejection velocities, Yarkovsky drift, and/or gravitational perturbation. We note two features in the IMB: a number of low albedo objects from the Polana family have been dragged into the IMB high by the Hertha family from the region of albedo overlap included in the high albedo cutoff; and the moderately-high albedo Baptistina family is plotted in the IMB low region as this family blends with Flora and cannot be distinguished in the high albedo population.
As is clearly shown in these plots, careful fine-tuning of the cutoff velocity and extraction of each individual family could increase the population of known families significantly. This is particularly true for the high inclination regions where spatial densities are low; using a single QRL for the high and low inclination components of each region is likely resulting in a failure to identify a large number of family members at high inclinations (e.g. near the Hungaria family at a ∼ 1.8 AU, inc ∼ 20 • , and ecc ∼ 0.08). However, subdividing each region's QRL and fine-tuning each family's cutoff velocity increases the subjectivity of the family determination; future work will attempt to investigate this more quantitatively. It is likely that this extension to the present work will increase the fraction of the MBAs that are members of a family significantly, possibly to ∼ 50% or more which would mean that most asteroids are by-products of a catastrophic collision or large cratering event (cf. Bottke et al. 2005) . Table 1 for the definition of each region). Color indicates the albedo of the asteroid as in Figure 1 . Gil-Hutton (2006) identified 13 nominal families at high inclinations using proper orbital elements and HCM. Seven of those correspond to families that we identify here, one was linked by our routine but was too small to pass the reliability cuts. The remaining five found by Gil-Hutton (2006) were not linked in our method, however four of those had only a small number of members. In particular, we can not link any of the three families those authors identify in the IMB below our nominal QRL. We are also unable to identify any of the new families presented in (Novaković et al. 2011 ). These differences in family lists are a result of our application of a single QRL to both high and low inclination IMB objects despite the large differences in spatial density between the two populations. We anticipate that with further refinement of the QRL for high inclination objects these families will be recoverable.
Recently, Broz et al. (2013) published a revised list of asteroid family members, rerunning the HCM linking routine over the latest list of asteroids. The majority of the families those authors present are similar to the ones we discuss here, and most of their families we do not find are because they are too small, at high inclination, or do not link at our QRL when confusion with background sources is reduced. There are two specific examples of differences between this work and theirs that we comment on here. First, Broz et al. (2013) identify a family around (1044) Teutonia with 1950 members, however in our data this family does not link significantly at a level below our QRL, and at the QRL only links to ∼ 65 objects. Second, they identify a family around (2085) Henan with 946 members, however as with Teutonia this family does not link below our QRL level. We interpret both of these cases as instances where confusion with background sources is eliminated when albedos are separated and thus linkages no longer become significant.
We compare in Figure 14 the albedo distribution of asteroids linked to a dynamical family to the distribution for background objects for each of the three orbital regions considered. While the family members show roughly equal contributions from high and low albedo objects in all three regions, the background objects show the opposite trend. The IMB background is dominated by the higher albedo component, while the OMB background has only a minimal contribution from these objects. This division is likely to become even more extreme once the halo objects are properly accounted for, as these make up a large fraction of the IMB low and OMB high objects remaining in the background population.
In Figures 15-20 we show the individual petal plots for each of the families we identify, separated into regions. Each subplot is labeled with the name of the largest body; names in blue font with a '*' suffix indicate cases of ambiguous parent bodies, either because there is no clear largest body (e.g. Endymion) or there is a small group of objects of similar sizes that could be the parent or represent a completely shattered parent (e.g. the Eos family, where (221) Eos, (639) Latona, and (579) Sidonia are clustered at similar semimajor axes with diameters of D= 96 km, 89 km, and 86 km respectively). In some cases it is clear that the listed family likely represents two overlapping families (e.g. Emma). We also indicate Baptistina as an ambiguous case given the results found in Masiero et al. (2012b) . We note that as we have chosen to identify families by the name of the largest member, rather than the lowest numbered object, in some cases well-known families have changed name. A prime example of this is the Lacrimosa family, which encompasses the well-known Koronis family. As (208) Lacrimosa has a larger diameter than (158) Koronis (D= 50 km vs D= 39 km) our naming system assigns the family to Lacrimosa, but this case is another example of a family with an ambiguous parent. 
Family Physical Properties
Using the high-confidence family lists we investigate the physical parameters of each family including the characteristic size, raw size-frequency distribution (SFD) and mean albedo as they relate to number of family members identified and size of the largest remnant. We note that as shown in Figure 1 our sample, limited by the biases imposed predominantly by visual band detection, is not complete to the same sizes for high-and low-albedo objects. This means that the minimum and median sizes of low albedo families will be shifted to larger values than for high albedo families. Additionally, for a given family the wing of the albedo distribution at higher values will be better sampled than the wing at lower values. Also note that our imposed division of albedos into two components will remove objects that have albedos very different from the bulk of the family due to incorrect measurements or large physical differences. These biases will affect the measurement of SFD as well, so care in interpretation is required.
We present the observed cumulative size distribution for each family in Figure 21 , and the differential albedo distribution for each family in Figure 22 . Approximately two-thirds of the families show a single parent body much larger than the remaining members, while the remaining families do not show a dominant remnant. This may be indicative of differences between cratering events and super-catastrophic disruptions as discussed by Durda et al. (2007) , however in the latter families we cannot rule out cases where the largest remnant is present but did not link to the family due to the various cutoffs imposed. As opposed to what was seen in Mas11, where ∼ 25% of the previously published families had non-uniform albedo distributions, almost none of the families presented here show any bimodality in their albedo distributions. The few exceptions (e.g. Chapman, Astraea) are expected to be artifacts that will be removed with future planned revisions of the family selection cutoffs. Given our separation of the regions into high-and lowalbedo components, this result is not unexpected.
Using these distributions, we can determine initial physical properties for each family with the caveat that selection biases imposed by visible light surveys have not yet been removed and so will bias our results as well. We fit a Gaussian profile to the albedo distribution of each family to derive the mean albedo (p V ) and Gaussian width (σ p V ), which is 20% − 30% of the mean for nearly all of the families we observe. This width is comparable to the uncertainty we expect in the albedo determination from the NEOWISE data (Mas11, Mainzer et al. 2011b) . Using the diameter distribution, we can size-sort the linked family to find the diameter of the largest body (D max ), the median diameter of the observed sample (D med ), as well an initial estimate of the observed, raw SFD. Table 2 . The red dashed line shows the distribution for the Vesta family, for comparison. Family names in blue indicate cases where the parent body is uncertain. As discussed in the text, selection biases from visible light surveys have not been quantified which will affect interpretation of these distributions. Table 2 . The red dashed line shows the distribution for the Vesta family, for comparison. Family names in blue indicate cases where the parent body is uncertain. As discussed in the text, selection biases from visible light surveys have not been quantified which will affect interpretation of these distributions.
To determine the observed SFD we fit a function of N = D α to each cumulative distribution, using only those bins with more than five objects (to avoid errors induced by a few large fragments in a cratering scenario) and less than half of the sample (to minimize errors due to the incomplete catalogs). Using a least-squares minimizer we derive the best-fit slope parameter (α SF D ) and the 1σ error on that slope (σ α ). We see in our sample a range of slope parameters, from α ∼ −1.5 at the shallowest to α ∼ −5 at the steepest. SFD slope can be used to study the conditions of the breakup event (e.g. the curve of the SFD can trace cratering vs. catastrophic disruption, Durda et al. 2007) , however these slopes can be modified over time as collisional grinding alters the initial post-breakup population, flattening the SFD over time (Marzari et al. 1995) . Additionally, if the parent body prior to impact had a shattered interior structure, this will also change the expected SFD of the family by increasing the frequency of reaccumulation of large family members (Michel et al. 2004 ).
The specific bins chosen for fitting will alter the fitted slope depending on the shape of the SFD. Tests on our data show that varying the lower limit over a range from five to fifty objects typically causes the fitted slopes to become shallower by ∆α ∼ 0.1 − 0.3, with the effect becoming more pronounced for smaller families as the sample size decreases. This indicates that most families have steeper size distributions in the biggest objects than in the majority of the population, however this is probably at least partially a result of survey incompleteness at smaller diameters. Conversely, when we test the effect of changing the upper limit for fitting from half the population down to only the largest 25%, we see that the fitted slopes generally move away from a value of α ∼ −2.5 as fewer objects are included in the fit (cf. Tanga et al. 1999 ). This shift is typically ∆α < 0.5 however for the most extreme case (the Hertha family) it is as large as ∆α = 1.3. As most families have measured slopes of α < −2.5 this means that their SFDs become steeper as objects are removed. This effect may also be a result of survey incompleteness at the smallest sizes, or may be tracing either a collisional equilibrium at smaller sizes with the background population which has α ∼ −2.5 (Mas11) or an increasing fraction of non-family members being included in family lists at these sizes.
This uncertainty in the fit to the observed SFD is compounded by the visible-light survey biases that are incorporated into the optical measurements we use to determine albedo. Objects without albedos do not pass our initial cuts for inclusion into our data set, thus our sample will include some effect from these biases, which will be particularly pronounced for smaller, lower albedo objects. These biases will result in systematic and potentially large errors in the fits to the observed SFD. Debiasing of the MBA background and family populations is critical to measuring the true SFDs and physical parameters for asteroid families, and as such values given here should be regarded as preliminary.
We present in Table 2 the determined albedo, diameter, and slope parameters for each of the 76 significant families we identify. These values are subject to large biases due to incomplete sampling of various subpopulations within the MBAs, so care in interpretation is required. We note that as families indicated by a '*' suffix on their name have ambiguous parent bodies, the size of the largest linked object is not necessarily indicative of the size of the parent or largest remnant.
We show in Figure 23 a comparison of the mean family albedo to the median diameter. As expected from the biases against smaller, lower albedo objects imposed by visible light surveys used to create the catalog our sample is drawn from, high albedo families have a smaller median diameter than low albedo families. Despite this bias, nearly two-thirds of the observed families are low albedo. As catalogs of asteroids become more complete at small sizes for low albedo objects we expect that the number of low albedo families identified will increase further. We also see indications for four distinct albedo classes in the families: low albedo (p V ∼ 0.06), moderate albedo (p V ∼ 0.16), high albedo (p V ∼ 0.25) and the very high albedo Hungaria family (p V > 0.40). We note that while updates to the measured magnitudes of the Hungaria family including better fits of H and G are expected to reduce the H magnitudes and thus the determined albedos (B. Warner, 2012, private communication), these family members still typically have p V > 0.40 and are expected to remain narrowly distributed.
If we take albedo as a coarse tracer of the parent body's composition (cf. Mainzer et al. 2011c) we can search for any influence this has on the resultant breakup. We show in Figure 24 a comparison between the characteristic family albedo and the fitted observed SFD slope. If different compositions traced different cohesion strengths, we would expect to see a correlation between these two parameters, however we see no such relationship. This may indicate that albedo does not correlate with internal structure, or that impact geometry and/or energy play the dominant role in shaping the SFD of the family, as shown by Durda et al. (2007) , however debiasing must be performed before definite conclusions can be drawn. Figure 25 shows the comparison between the observed raw SFD slope and the size of the linked family. Clearly, families with smaller numbers of objects will have more uncertain SFD slopes. However, there does appear to be a trend toward shallower slopes for larger families. We note that in a diameter-limited survey such as NEOWISE fewer objects are expected to link to families with steep SFDs than shallow SFDs, as a larger fraction of the family members will be at or below the survey detection threshold. This may be a contributing factor to the lack of large, steep SFD families. Conversely, biases due to variable survey completeness can induce systematic errors. As steep families are thought to be young, and a large family indicates an energetic collision, these families are expected to be rare, confusing any interpretation of their absence. A survey probing a smaller size range would preferentially fill in the membership lists of steep SFD families allowing better measurements of their SFDs to be made. Tanga et al. (1999) and Durda et al. (2007) showed that steeper slopes tend to indicate families that originated from a cratering event, while shallower slopes tend to follow disruptive impacts. This suggests that in the diameter range we are sensitive to, most of the numerically largest families in the Main Belt formed from disruptive events. An exception to this trend is the (31) Euphrosyne family, which has ∼ 1400 members but one of the steepest slopes measured with α SF D = −4.4. This unusually steep observed SFD may be indicative of a glancing impact between two large bodies resulting in a large cratering event. We note that this observed SFD is significantly steeper than what is observed for (4) Vesta (α = −3.45, the next steepest SFD in this family size range), which is known to have undergone two massive cratering events from the results of the Dawn mission (Russell et al. 2012) . Conversely, the observed SFD of the Euphrosyne family may trace a lowspeed collision where reaccumulation onto the parent was highly efficient. In this scenario only those objects with the highest ejection velocities, preferentially the smallest ejecta, would fail to reaccrete and would become independent family members. As grazing impacts have a much lower frequency of binary production than slower, head-on impacts (Durda et al. 2004) , a search for binaries in the Euphrosyne family could differentiate between these two scenarios. However, until proper debiasing of the MBA population is complete and debiased SFDs can be measured, these possible formation scenarios are speculative.
Conclusions
In order to identify new asteroid families and improve the lists of previously known families, we have used the databases of asteroid diameters and albedos provided by the WISE/NEOWISE and IRAS surveys as a method of incorporating asteroid physical properties into family determination. After splitting the MBAs into two separate but overlapping albedo populations and three orbital regions, we have applied the Hierarchical Clustering Method to these subgroups. This technique is particularly useful for rejecting interlopers from family lists, including objects that would otherwise be misidentified as the family's largest remnant. We identify 76 families with more than 40 members in our high-confidence set, of which 28 were previously unreported. One third of these families do not have an obvious parent asteroid that links to the family. Approximately 35% of MBAs link into a family, however there are clear limitations to our method apparent at high inclinations and in crowded regions. Carefully tuned family extraction will likely increase this percentage significantly.
The observed albedo distribution of the 38, 298 identified family members differs significantly from the distribution of the background asteroids, where the background shows a more extreme change from the inner-to outer-Main Belt. We see no correlation between the slope of the observed, raw size frequency distribution of a family and its mean albedo. However, we note that a full accounting for the selection biases imposed by the visible light surveys that discovered the objects has not yet been performed, and an unquantified number of objects are thus missing from each family; these biases must be accounted for before firm conclusions about the SFDs for each family can be made. Of the observed raw SFDs, we note a trend that families with larger numbers of objects tend to have more shallow slopes. One possible explanation is that these families were created could by catastrophic disruption or are very old and have been ground down by collisional processing over very long timescales. An exception to this trend is the (31) Euphrosyne family which has one of the steepest size frequency distributions measured, but is also one of the largest families observed. This could be the result of a cratering impact between two large bodies, a recent giant impact, or both. While this work only includes approximately one quarter of the known MBA population (those observed by NEOWISE and IRAS), it sets the stage for improving our understanding of the creation and evolution of MBA families. Future work will improve our family identification routines to better differentiate family members from background objects and debias the input catalog, improving our family lists and setting the stage for the determination of ages for the majority of families in the Main Belt.
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